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ABSTRACT 

Oral mucosa is well-known to be one of the best 

routes for drug absorption. But very few R & D works 

have been initiated to investigate the feasibility of 

using this site to control drug delivery. A trans- 

mucosal controlled-release device, which is capable of 

achieving excellent absorption and controlled release 

of drugs, has been developed. The device is a tablet- 

shaped mucoadhesive system which is composed of two 

layers. The upper layer is a fast-release layer and 
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YUKIMATSU ET AL. 

the lower layer is a sustained-release layer, and 

designed to be applied between buccal and gingival 

mucosae. Both layers are formulated from synthetic 

polymers to control the release of drugs. 

Isosorbide dinitrate(ISDN), a well-documented 

antianginal drug, is known to be susceptible to exten- 

sive presystemic elimination when taken orally. It was 

used as the candidate drug and the systemic bioavail- 

ability was studied in human and observed to be im- 

proved by as much as 5 fold when compared to a marketed 

oral sustained-release tablet ; On the other hand, 

much smaller amount of metabolites was formed. The 

plasma profile of ISDN has also been observed to be 

substantially prolonged (12 hrs as compared to less 

than 1 hr for sublingual tablet and spray product on 

the market). These observations have demonstrated that 

this device is capable of not only bypassing hepatic 

"first-pass" metabolism but also having a sustained- 

release property of prolonging the release of ISDN. 

Clinical studies performed in the anginal patients 

for up to one year have demonstrated the therapeutic 

benefits of this device in achieving a substantial 

reduction in the frequency of anginal attacks. 

This type of device was also applied to the 

systemic delivery of another antianginal drug, Nifedi- 

pine, by employing a formulation with longer sustained 
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TRANS-MUCOSAL DEVICE 505 

drug release property. Again, the clinical results 

demonstrated that a prolonged duration of therapeutic 

plasma concentration has also been accomplished. 

I" 

Many R & D works have been conducted on develop- 

ment of controlled release drug delivery system for 

systemic delivery via oral or trans-dermal route of 

administration. However, these systems have their own 

drawbacks. For instance, the drug delivered by oral 

systems can not bypass hepatic "first-pass" metabolism, 

so, it is not suitable for drugs subjected to extensive 

hepatic "first-pass" metabolism. On the other hand, 

trans-dermal systems are difficult to promptly achieve 

a high systemic level of drugs, even though a steady 

level has also been attained without the hepatic 

first -pas s I' met abo 1 i sm . 
The oral cavity (Figure 1) is covered by a lining 

of oral mucosa, which, histologically, can be viewed 

as a bilayer membrane consisting of a stratified squa- 

mous epithelium on the surface and a connective tissue 

underneath'). Similar to the skin, the oral mucosa 

acts , structurally and functionally, as the barrier to 
protect the underneath vital organs from the surround- 

ings. At the submucosa level, a rete venosum is well 
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506 YUKIMATSU ET AL. 

FIGURE 1 
Hlstologlc variation In the oral mucosa lining of human 

developed, via which a substance absorbed by the oral 

mucosa enters at first the jugular vein and finally 

pours into the systemic circulation; thus the hepatic 

"f irst-pass" metabolism is avoided. From that reason, 

oral mucosa is well-known to be one of the best routes 

for drug administration. But, very few R & D works 

have been initiated to investigate the feasibility of 

using this site for rate-controlled drug delivery. 

There are several conventional oral dosage forms 

designed for application to the oral cavity, such as 

lorenzes, trouches, sublingual tablets and oral oint- 

ments. However, these conventional oral dosage forms 

give a disadvantageously abnormal feeling to patients 
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507 TRANS-MUCOSAL DEVICE 

when they are kept in the oral cavity for long period 

of time, and hence, the patients occasionally wish to 

crunch or swallow them; therefore, they are not suit- 

able for achieving the controlled release of drugs. The 

oral ointments are not crunched or swallowed, but they 

are difficult to control the dose. Among the oral 

mucosa, the gingival mucosa can be used as the platform 

for the holding of a drug delivery device designed for 

oral mucosa absorption. There have been some research- 

es2lf3) utilizing the gingiva for the application of 

controlled-release drug delivery system. 

Organic nitrates have long been used for the 

treatment of angina pectoris. Among these organic 

nitrates , nitroglycerin (NTG) and isosorbide dinitrate 

(ISDN) are regarded as the therapeutic agents of first 

choice for the treatment of anginal attacks. ISDN has 

been demonstrated to exhibit a longer duration of 

antianginal activity than NTG. The manifestation of 

antianginal activity following the oral administration 

of ISDN has been well demonstrated4). However, the 

duration of the clinical effect of oral ISDN is only 

3-4 hrs, which is not sufficiently long to meet the 

therapeutic Several oral sustained-release 

preparations of ISDN have been developed recently for 

clinical uses. However, ISDN, following oral adminis- 

tration, is extensively metabolized by the hepatic 
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FIGURE 2 
Metabolic pathway of lsosorblde dinltrate (ISDN) foliowing oral 
admlnistratlon and formatlon of major metabolltes : 2-ISMN 
(isosorbide-2-mononitrate) , 5-ISMN (Isosorblde-5-mononltrate) , IS 
(Isosorblde) 

"first-pass" metabolism to isosorbide-2-mononitrate ( 2 -  

ISMN) , isosorbide-5-mononitrate (5-ISMN) and other 
metabolites (Fig.2)')''). Thus, the systemic bioavail- 

ability of ISDN in humans has been reported to be as 

low as 22-29%'O-12). 

This presentation intends to provide an overview 

on the development of a novel trans-mucosal therapeutic 
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TRANS-MUCOSAL DEVICE 509 

system (TmTs) designed to be applied to gingival mucosa 

to control the systemic delivery of drugs. ISDN was 

selected as a best drug for this system because its 

therapeutic efficacy is well established and has been 

known to be subjected to an extensive hepatic "first- 

pass" metabolism. 

The characterization of the pharmaceutics and 

pharmacokinetics of the trans-mucosal controlled 

delivery of ISDN as well as the clinical performances 

are discussed in this presentation. Furthermore, the 

result of applying this system to another antianginal 

drug, Nifedipine, will also be reported. 

Formulation development for the TmTs of ISDN was 

performed to design a system which is capable of 

achieving a good absorption of ISDN and long duration 

of its therapeutic effect, up to a duration of 12 hrs, 

by being applied on gingival mucosa. There were 

several hurdles to be overcome in the development, 

such as : the dosage form should have :(1) rapid and 

well adhesion to the gingival mucosa,(2) no irritation 

and sense of foreign material, (3) good absorption of 

ISDN,(4) rapid onset and long duration of therapeutic 

effect, and (5) easy manufacturing . 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



5 10 YUKIMATSU ET AL. 

In order to satisfy both objectives of rapid onset 

and long duration of therapeutic effect, the system 

with a fast-release layer and a sustained-release layer 

was designed. Generally, it is not easy to attain a 

rapid and well adhesion to a wet surface as the 

gingival mucosa. Nagai et a12) have found that a system 

formulated from a combination of hydroxypropylcellulose 

and polyacrylic acid has good adhesion property. 

Preformulation studies were initiated in our laboratory 

to search for good polymers that meet such criteria. 

The combination of a water-soluble polymer, such as 

polyvinylpyrrolidone, polyvinyl alcohol, polyethylene 

glycol, alginic acid and malic acid-methylvinylether 

copolymer, and a water swellable polymer such as poly- 

acrylic acid has shown good results. Among these 

polymers, the combination of polyvinylpyrrolidone and 

polyacrylic acid was identified to have the best 

adhesion property, and these were thus selected to be 

the mucoadhesive components in the sustained-release 

layer. For meeting the goal of easy manufacturing, 

simple compression process was employed to fabricate a 

tablet-shaped bi-layer TmTs (Figure 3). After various 

optimization studies, using adhesion test, dissolution 

study and animal pharmacokinetic evaluation, the final 

composition was determined. The sustained-release layer 

was shown to have the capacity of sustaining the 
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TRANS-MUCOSAL DEVICE 511 

FIGURE 3 
Physical structure and dimension of trans-mucosal therapeutic 
system (TmTs) formulation of isosorblde dlnltrate 

release of a drug by the effect of the gelling nature 

of both polymers. The fast-release layer is composed 

of 20% of ISDN, dispersed in the solid matrix of 

D-mannitol and polyvinylpyrrolidone of low molecular 

weight, while the sustained-release layer consists of 

80% of ISDN in the polymer matrix of polyvinylpyrroli- 

done of high molecular weight and polyacrylic acid. The 

loading dose of ISDN in each layer was determined from 

the preferred plasma profile of ISDN. A small amount 

of polyvinylpyrrolidone of low molecular weight was 

added into the fast-release layer, since a too rapid 

disintegration of this layer was found to result in the 

loss of systemic bioavailability due to swallowing. 

Animal toxicological study, indicated that the system 

does not have any irritation to oral mucosa. 
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Saliva I 
Adhere to Oral Mucosa 

Transmucosal 
Absorption 

t 
Systemic Circulation 

(Adapted from Chien , 1992) 

FIGURE 4 
Mechanism of trans-mucosal absorption of drug delivered from 
TmTs applled to buccal and ginglvai mucosae 

Thus, the newly-developed TmTs of ISDN could be 

expected to be a good controlled-release drug delivery 

system for gingival application, because it adheres to 

gingival mucosa easily and strongly, gives a desirable 

disintegration profile of the fast-release layer and 

the preferred gelation profile of the sustained-release 

layer, producing an initial rapid absorption and the 

subsequent continuous absorption of ISDN through oral 

mucosa by gradual dissolution in the saliva fluid 
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Oral 
delivery 

I I G-l absorption 

513 

portal circulation 

First-pass 

Pathwav to Bypass 

Buccal 
Gingival mUCOSB 
Sublingual 

(modified from Chien, 1992) 
Responses 

FIGURE 5 
Hepato-gastrointestinal elimination of drugs following oral delivery 
and bypass through trans-mucosal absorption 

(Figure 4). The ISDN absorbed permeates directly into 

systemic circulation and thus bypasses the hepatic 

"f irst-pass" metabolism (Figure 5) . 

Figure 6 shows the comparative release profiles of 

ISDN from the TmTs and from a conventional sublingual 

ISDN tablet (NitrolB) 1 3 ) .  The results indicate that 

the fast-release fraction ( 2 0 % )  of ISDN is released 

from the TmTs within 15min and the sustained-release 

fraction (80%) is released gradually and continuously 
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514 YUKIMATSU ET AL. 

Time( hours) 

FIGURE 6 
Comparative release profiles of ISDN from a sublingual tablet 
(Nitrola, 0 , 5mg of ISDN) and TmTs (0 , 5mg ; 0 , lOmg of ISDN) 
determlned by dlssolution studles (paddle method , Japanese 
Pharmacopeia , Xi1 edltlon ; n=6) 

o v e r  a p e r i o d  o f  1 2  h r s .  T h e r e  i s  n o  d i f f e r e n c e  i n  

ISDN r e l e a s e  p r o f i l e  b e t w e e n  5mg a n d  10mg d o s a g e  

s t r e n g t h s .  On t h e  o t h e r  hand,  t h e  release o f  ISDN f rom 

t h e  c o n v e n t i o n a l  s u b l i n g u a l  t a b l e t  i s  v e r y  r a p i d  w i t h  

t h e  t o t a l  d i s s o l u t i o n  o f  t h e  t a b l e t  w i t h i n  a p p r o x i -  

m a t e l y  15 min. 

NETICAT, CHARACTERISTICS 

Stu.di..es -e Doas 

I n  F i g u r e  7 ,  t h e  p lasma c o n c e n t r a t i o n  p r o f i l e s  o f  

ISDN f rom t h e  TmTs a s  w e l l  a s  f r o m  i t s  f a s t - r e l ease  
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I 
Beaale dog ln=* 

(Gingival application) 

Sustained-;elease 

I 1 I I I 

0 2 4 6 8 10 12 

Time (hours) 

FIGURE 7 
Effect of TmTs formulation on  the pharmacokinetlc Droflles of 

515 

ISDN 
in beagle dogs ( k 4 )  Keys : (A) 'fast-release formulatlon , whlch 
contains 2mg of ISDN (Only in the fast-release layer), (0) sustalned- 
release formulation , whlch contalns 8mg of ISDN (only In the 
sustalned-release layer), (0) full formulation , which contalns 2mg of 
ISDN in the fast-release layer (F) and 8mg of ISDN in the sustained- 
release layer (S) 

and sustained-release layers are compared13), which 

demonstrate that the plasma concentration profile is 

the consecutive transmucosal delivery of ISDN first 

from the fast-release fraction and then from the 

sustained-release fraction. Figure 8 shows the cumula- 

tive absorption profiles of ISDN from the TmTs in 
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Beaale doas (n =4) 
(Gingival application) 

Bioavailability 

0 2 4 6 8 10 12 

Time (hours) 

FIGURE 8 
Effect of formulation on trans-mucosal absorption profiles and 
systemic bioavallabllity of ISDN In beagle dogs (n=4) Key : (0) 
sublingual spray (Nitrola spray) (A) fast-release formulation (F) I 

(0) sustalned-release formulation (S) (0) full formulation (F+S) 

comparison with that from a marketed spray formulation 

(NitrolB spray). The relative contribution of ISDN 

released from the fast-release layer and sustained- 

release layer of the TmTs was also evaluated and the 

results indicated that the ISDN dose delivered by the 

fast-release layer contributes to the rapid absorption 
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TRANS-MUCOSAL DEVICE 517 

of ISDN during the initial phase of transmucosal 

permeation, thus attaining the absorption profile 

simulating that from sublingual spray formulation, and 

the ISDN dose delivered gradually from the sustained- 

release layer has maintained the prolonged absorption 

profile of TmTs. A great systemic bioavailability of 

ISDN was achieved by TmTs than by sublingual spray 

(73 % vs. 51 % ) ,  which is the average of the bioavail- 

abilities of ISDN from fast-release and sustained- 

release layers. The absorption profiles in Figure 8 

substantiate the plasma profiles in Figure 7. 

Both the plasma concentration profiles (Figure 7) 

and the cumulative absorption profiles (Figure 8) 

demonstrate that the fast-release layer contributes to 

the rapid absorption of ISDN and the sustained-release 

layer contributes to the prolonged duration of plasma 

con~entrationl~) as expected from the kinetic profile 

of dissolution (Figure 6 ) .  Thus, the TmTs of ISDN has 

the characteristics of prompt attainment of therapeuti- 

cally effective plasma level by the rapid absorption 

of ISDN from the fast-release fraction and maintenance 

of a long duration of therapeutically-effective plasma 

level by the ISDN delivered at controlled rate from 

the sustained-release fraction. The absorption of ISDN 

from the oral mucosa is extremely rapid but the absorp- 

tion of ISDN, following the spray administration, has 
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YUKIMATSU ET AL. 518 

achieved a lower bioavailability of 51%. Thus, the 

results appear to suggest that the formulation with 

fast rate of release tends to achieve a lower level of 

bioavailability. The reason for achieving lower bio- 

availability from the fast rate of release could be 

attributed to the factor of swallowing. 

c a l  Stuaes in Humans 

Figure 9 compares the plasma concentration 

profiles of ISDN following the gingival application of 

the TmTs (15mg of ISDN) with that following the sublin- 

qua1 administration of one conventional sublingual 

tablet (NitrolQ, 5mg) in healthy male vol~nteers'~). A 

substantially-prolonged plasma profile of ISDN has been 

achieved by the TmTs, with MRT of 6 . 0 k 0 . 3 )  hr, than by 

the sublingual tablet, with MRT of 1.2(+0.1) hr. 

Moreover, it is encouraging to observe that there is no 

statistical difference between the relative bioavail- 

abilities of ISDN delivered by the TmTs and by Nitrola 

after correcting the difference in the dose adminis- 

tered, suggesting that the systemic delivery of ISDN 

by the TmTs via transmucosal permeation through various 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TRANS-MUCOSAL DEVICE 519 

Healthy Volunteers In=4-51 
100 

+I  
- 1 Nitrop (5 mg) I (AUC = 28.9) F 

I 
C 
v 

0 g l o l  0 

7 t  i Tm Ts (15 mg) / (AUC = 89.5) 
\ /(Gingival) 

I 

0 2 4 6 8 10 12 24 

Time (hours) 

FIGURE 9 
Comparative pharmacokinetic profiles of ISDN delivered trans- 
mucosally from : (0) a TmTs (15mg of ISDN) and (0) a sublingual 
tablet (Nitro@, 5mg of ISDN) In healthy male volunteers (TmTs , 
n=5 ; Nitro@, n=4) 

oral mucosae is no difference from the sublingual 

absorption, since both are capable of bypassing the 

hepatic I' first -pas s metabolism . 

In Figure 10, the plasma concentration profiles of 

ISDN following the gingival application of the TmTs, 
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0 2 4 6 8 10 12 

Time (hours) 

FIGURE 10 
Comparative pharmacoklnetlc profi le of ISDN del ivered 
transmucosally from TmTs with varying loading dose and from a 
sustained-release tablet (S.R tablet , 0 )  taken orally in healthy male 
volunteers (n=8) , and 4-5 fold improvement in systemic 
bloavailabillty (B.A.) 

with three dosage strengths, are compared with the 

plasma profile from the oral administration of a sus- 

tained-release oral tablet (Frandolo tablet; ISDN=20mg) 

in eight healthy male volunteers14). Both of the TmTs 

and the per-oral sustained-release tablet showed some 

similar sustained pattern in the plasma profile of 

ISDN. However, the plasma concentration profile of ISDN 

attained by the per-oral administration of sustained- 
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Peak plasma level 
I I 

&ax= -0.15 + 1.26 Do 
(r=0.998) 

0 2.5 5.0 7.5 10.0 

Dose (mg) 

Systemic bioavailability 

AUC = 2.09 + 5.71 Do 
(k0.989) 

+I 

0 2.5 5.0 7.5 10.0 

Dose (mg) 

FIGURE 11 
Linear relatlonshlp between Cmax and AUC followlng the trans- 
mucosal delivery of ISDN from TmTs In healthy male volunteers 
(n=8) and the loadlng dose In TmTs 

release tablet, which contains 20mg of ISDN, were 

observed between those achieved by the TmTs containing 

only 2.5mg and 5mg of ISDN. Apparently, the systemic 

bioavailabilities achieved by the TmTs are 4.4-5.4 

times greater than that obtained by the oral sustained- 

release tablet. Furthermore, a good linear relationship 

has been established between the Cmax values and the 

administered ISDN doses, and between the AUC values and 

the administered ISDN doses (Figure 11) 14) . 
As shown in Figure 2, ISDN is metabolized to two 

mononitrate metabolites, 2-ISMN and 5-ISMN, which are 
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also known to be pharmacologically active but have much 

lower antianginal efficacy than ISDNl". Thus, the 

hepatic "first-pass" metabolism leads to a reduction in 

the therapeutic efficacy of ISDN administered orally. 

Contrast to the plasma concentration profiles of 

ISDN (Figure lo), the appearance of two metabolites, 2- 

ISMN and 5-ISMN, in the systemic circulation was found 

to be lower from the TmTs by transmucosal permeation 

than from the sustained-release tablet by the per-oral 

administration (Figure 1 2 ) 1 4 ) .  Thus, the hepatic 

"first-pass" metabolism of ISDN has been efficiently 

minimized by the trans-mucosal permeation via the 

gingival application of the TmTs. 

The plasma concentration profile of ISDN following 

the repeated gingival application of the TmTs (10mg of 

ISDN) to 6 healthy male volunteers, twice daily (9:OOam 

and 9: OOpm) , for 7 days is shown in Figure 1316). The 

plasma concentration data measured experimentally were 

found to coincide rather well with the simulation curve 

generated from the one-compartment open pharmacokinetic 

model using the pharmacokinetic parameters14) deter- 

mined from the results of single administration (Figure 

lop4). Figure 13 shows that the steady-state plasma 
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Time (hours) 

Healthv Volunteers (8 males) 5-mononitrate 
Gingival application 

0 2 4 6 8 10 12 24 
Time (hours) 

FIGURE 12 
Comparative pharmacoklnetic profiles of lsosorblde mononitrates , 
the major metabolites , from TmTs (2.5-10.0mg) of ISDN and oral 
sustalned-release tablet (Frandola , 20mg ISDN) In healthy male 
volunteers (n=8) 
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15 

10 

5 

0 

0 Experimental data 
0 Before application at 9 a.m. 
A Before application at 9 p.m. 
- Simulation curve 

Tm Ts dosing (twlce-a-day) + + + + $ +  + + + +  + i  

3 I I I I I 1 

1 2 3 4 5 6 7 8 

Time (days) 

FIGURE 13 
Multl-dose steady-state pharmacoklnetlc profile of ISDN followlng 
the repeated , twice dally , gingival appllcatlon of TmTs (ISDN , 
10mg) In healthy male volunteers (n=6) for 7days 

profile of ISDN can be achieved and maintained by 

twice-a-day gingival application of TmTs, showing no 

tendency of accumulation of ISDN in the body. After 

administration of the last TmTs dose, ISDN is elimi- 

nated rapidly from the systemic circulation. 

The cumulative urinary excretion profiles of ISDN 

and its metabolites are shown in Figure 14 16). The 

relatively constant excretion of ISDN, which is 

extremely low, and the metabolites was confirmed. 
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30 

25 
h 

3 
F 2o 

u) 
+I 

v 

c 
0 'Z 15 
2 

2 

= 5  

0 
x 
Q 

10 

([I 
c .- 
L 

Q > 
m 
.- r 

0 

0.1 

- 
2 

0 

r 
Tm Ts dosing (twice-a-day) - of lsosorbide Dinitrate 

ONO. 
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FIGURE 14 
Urinary excretion profiles of ISDN and metabolites following 
continuous trans-mucosal delivery of ISDN during 7-day repeated, 
twice daily (9:OOam , 9:OOpm) , gingival application of TmTs (ISDN 
10mg) In healthy male volunteers (n=6) 
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From these results, it is concluded that the 

pharmacokinetics of ISDN after repeated oral mucosa 

delivery of the TmTs is linear, and no accumulation 

has been observed as resulted from the saturation of 

absorption or excretion processes. 

ACODYnZBMIC STUDIES in Anubal patients 

E m a c y  followina Short term w t r a t i a  , I  - 

In order to assess the therapeutic efficacy of 

ISDN delivered transmucosally from the TmTs having 

various pharmaceutic and pharmacokinetic characteris- 

tics outlined above, the effect of TmTs on the 

frequency of anginal attacks was first evaluated by 

short-term gingival application in 32 anginal patients. 

Among the 32 anginal patients, a total of 16 patients 

were omitted because they were found to be deviated 

from the criteria necessary for evaluating the clinical 

efficacy of angina pectoris. After a 2-week pretreat- 

ment period, during which the placebo TmTs was 

administered (also by gingival application, twice-a- 

day), the patients were administered with the active 

TmTs of 5mg in strength, at first, in the same manner 

for 2 weeks, and then the administration of active TmTs 

was continued for another 2 weeks with increased ISDN 

strength(l0mg). The number of patients who had com- 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TRANS-MUCOSAL DEVICE 527 

f 
v) 
+I 
Y z 
v) 
Y 
0 m 

. 
c c 

5. 
v) 
9) 
0 
0 
v) 

a 
I0 c 
u) 
C 

.- a 
- 
.- 
U 

P<O.Oi 
I I  I 

lo 1 ' P<O.Ol ' 1  P<O.O1 ' 

I I 

pre- 2 4 
treatment 

Treatment Duration (weeks) 

FIGURE 15 
Statistically significant reduction in the frequency of anginal attacks 
In patients treated with TmTs (ISDN ; 5 or 10mg) 

pleted the treatment was 13 in 5mg-treatment period and 

10 in l0mg-treatment period, with some patients dropped 

out from the treatment due to side effect (e.g., head- 

ache), which is known to come from the pharmacological 

action of ISDN. 

A s  shown in Figure 15, the results indicate that 

an average of anginal episodes/week has been decreased 

to 3.8 episodes/week by the 2-wk treatment with 

TmTs(5mg) and then to 2.3 episodes/week by the 2-wk 
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h 

6 -  z cn (*) P'zO.01 

Treatment Duration (weeks) 

FIGURE 16 
Long-term ( l -yr)  control of angina pectoris in patients by taking 
TmTs (5-20mglday of ISDN) 

treatment with TmTs (10mg) from the 7.2 episodes/week 

detected in the pretreatment period. 

Thus, the clinical efficacy of the TmTs has been 

confirmed by the reduction in the frequency of anginal 

episodes measured in anginal patients. 

ical R f f i c a c v  followina Lona term I ,  - - 

The TmTs of ISDN was administered twice daily to 

25 anginal patients by gingival application at 10 - 20 
mg/day €or an average duration of 46 weeks. The results 

shown in Figure 16 demonstrate that the anginal epi- 
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sodes in the 24 patients have been markedly decreased 

by treatment for 2-5 weeks, and a steady anti-anginal 

effect, with a mean episode of less than 2 attacks/wk, 

maintained throughout the treatment period. Thus, it is 

concluded that this system is useful also for long-term 

treatment of anginal patients. 

APPL I CA TION OF TmTs TO NIF EDIPINF 

To explore the potential application of TmTs in 

addition to ISDN, the transmucosal delivery of Nifedi- 

pine, which is also a well-known therapeutic agent for 

the treatment of anginal and hypertensive patients, was 

investigated. The formulation for Nifedipine was 

slightly modified from the TmTs of ISDN in order to 

attain a longer duration of action. By increasing the 

amount of polyvinylpyrrolidone of high molecular weight 

and polyacrylic acid in the sustained-release layer, 

the prolonged release of nifedipine for longer duration 

was achieved. 

In Figure 17, the plasma profile of Nifedipine 

following the gingival application of the Nifedipine- 

releasing TmTs (20mg) is compared with those following 

the per-oral administration of a conventional oral 

tablet (SepamitB ; Nifedipine=lOmg) and a marketed 

sustained-release tablet (Adalat Retard@ Nifedipine=20 
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200 
Healthv Volunteers 

150 

100 

50 

n 

- Conventional oral tablet (10mg ; n=6) 

TmTs (20mg ; n=8) 

I/ 
0 2 4 6 8 10 12 2 4  

Time (hr) 

FIGURE 17 
Comparatlve pharmacoklnetlc proflles of Nlfedlplne from TmTs In 
comparlson wlth a conventional oral tablet (SepamItB) and oral 
sustalned-release tablet (Adalat retard@) In healthy male volunteers 

mg) in healthy volunteers. The results indicate that a 

constant level of Nifedipine has been attained by 

4/hrs and maintained throughout the period of 4-9 hr, 

which is much longer in duration than the conventional 

oral tablet and the marketed sustained-release tablet. 

The observations seem to promise a longer clinical 

efficacy of Nifedipine delivered by TmTs than that by 

the immediate-release or the sustained-release oral 

tablet. 
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Transmucosal permeation through oral mucosa per- 

mits the bypass of hepatic "first-pass" metabolism and 

has been considered to be a good site for the systemic 

delivery of drugs. Thus, many dosage forms have been 

designed to utilize the oral mucosa for drug delivery, 

such as lorenzes, trouches, sublingual tablets and oral 

ointments. However, these conventional dosage forms 

have their drawbacks for not being able to control 

drug release. Furthermore, patients have the tendency 

to swallow or crunch and cannot keep them in oral 

cavity for long period of time, and it is rather diffi- 

cult to control the dose administered. 

A new type of trans-mucosal therapeutic system 

(TmTs) which is designed for gingival application, has 

been developed. It has achieved a rapid and good adhe- 

sion to the gingival mucosa, caused neither irritation 

to the oral mucosae nor a sense of foreign material and 

produced a rapid rise but long duration of plasma drug 

concentration. The system is easy for manufacturing 

and composed of two layers : the upper one is a fast- 

release layer and the lower one is a sustained-release 

layer. 

ISDN was selected as a candidate drug for assess- 

ing the potential biomedical application of this 
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system, since its therapeutic efficacy is well estab- 

lished but it is also known to be subjected to an 

extensive hepatic "first-pass" metabolism. The TmTs of 

ISDN was confirmed to achieve a desired pharmacokinet- 

ical profiles, such as a rapid attainment of therapeu- 

tic level and maintenance of prolonged plasma profile, 

in both beagle dogs and humans with achievement of 

better bioavailability of ISDN than the conventional 

dosage forms. By by-passing the hepatic "first-pass" 

metabolism of ISDN, the TmTs produced an almost 5 fold 

increase in the systemic bioavailability of ISDN in 

human as compared with that of a marketed oral sus- 

tained-release tablet. On the other hand, much lower 

levels of metabolites were obtained. The long-term 

gingival application, twice daily for one week, of the 

TmTs demonstrated that the steady-state plasma level 

of ISDN can be maintained with no sign of accumula- 

tion. In order to assess the therapeutic efficacy of 

the TmTs of ISDN, the frequency of anginal attacks in 

the anginal patients, following both short-term and 

long-term treatment, was measured and the results has 

demonstrated a remarkable reduction in anginal epi- 

sodes. 

The potential application of the system to other 

drugs was evaluated. The TmTs of Nifedipine was formu- 

lated by slightly modified from that of ISDN and the 
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results demonstrated that a much constant level of 

Nifedipine has been achieved and maintained for longer 

duration than the conventional or the sustained-release 

oral tablet. 

Thus, it is believed that the trans-mucosal thera- 

peutic system described in this presentation can be 

also applied to the trans-mucosal controlled systemic 

delivery of drugs in other therapeutic categories. 
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